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It has been well established in the literature that microorganisms capable of
deccmposing crude oil ere quite common in terrestrial areas around the world.
It has also been well established that the straight chained hydrocarbons of Cl0
to C18 length, the keroseme fraction, are the most sus ceptible to microbial dee
‘graiat . However, the shorter-chained hydrocarbons, the gasoline fraction,
seems 40 b2 degraded more slowly, and in some instances may be toxic o0 micro-
;organisms. The ring-structured hydrocarbors are also degraded but at a conside
terably siower rote than the Qtraight chained hydrocarbons. The biochemical
spathvmys by which hydrocarbons are degraded are not unique or few in number.
IThere ceems fo be a substantial void in the literature concerning hydrocarbon

pcecemponers 1a cold regions and the means of optimizing decomposition in cold
‘herrosbrial areag. It is possible, bectuse of the long generaticn times of miw
. wnocold environments, that oll spills in cold terrestrial nress may b

’a&;’,ﬁm':;-?ﬂv

L
vove U nbe dow places where microbial inoculation may be bepeficial. Hovever, :
caoooc olunblons biologileal actlion is limlited by environmental conditions anoE
cenh b preszence of microorganisms. 2
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PREFA"E

This paper was prepared by Captain Patrick G. Hunt, Rescarch Soil Microbivlogize,
of the Earth Sciences Branch, Research Division, U.S, Army Cold Regions Resecich zn
Engineering Labovatory. _

The author wishes to express thanks to Dr. R P. Morrmann ard M. 3B, Rickesd of
USA CRREL and Dr. B Benoit of Vuginia. Polytechmc Instituie for reviewing the manu-
script a . '

) Thiv- Hport is pub ;shed under DA Task 4A061101A91DG3, In-House Laboratcry
Independent Research. ’
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MICROBIOLOCY OF TERRESTRIAL CRUDE OIL DEGRADATION
by
P.G. Hunt

INTRODUCTION

The utilization of petroleum for products and services throughout the world has increased to
monumental levels and large utilization increases are projected. However, th~ benefits that are
realized from the use of petroleum peodvcts are somewhat negated by the iucreased prebability of
environmental damage from mishaps in the handling of petroleum. A pari;. rly critical area of
potential pollution is the transport of massive amounts of both crude and aod petroleum hy ship
and pipeline. Notable oii spill disasters such as the Torrey Canyon and Sunta Barbara spills have
already occurred, but considerable progress in prevention and clean-up materials and procedures
has been made rgonal observation at the 1971 Conference on Preventicn and Control of Qil Spilia).

However; # . ost oil mishaps have been on water most of this progiess has beei inthe
area of dquatic spills and relatively little has been done or considered in the area of tzrrastrial
spills. Yet numerous petroleum transport systems are terrestrial. For example, the prorased
Alyeska pipeline will cross 800 miles of ecologically sensitive terrain in Alaska. Thes e poten-
tial for massive ecological damage from terrestrial oil spills exists.  Terrestrial oil spil’ cleansup
is difficvi in any area, but in Alaska, where permafrost soils and slow grovwing veretation are pee-
valent, the potential problems are magnif{ied immensely.- In such a sensitive environment, physical
and mechanicai clean-up may cause more ecological damage than the spil! itself. Therefore, after
the potential water poliution and health hazards bave been addressed, cne of the most iozical
approaches for treating a tarrestrial oil spill in Alaska is by microbiolegical meap .. This report
concerns the topic of microbial decompesition of crude oil in soils.

CRUDE OIL

Crude o0il is composed of numerous organic compounds that originate from direct or indirect
biological action. The components can be classified as paraffins (alkanes), cycloparaffing (cyclo-
alkanes or caphthenes), aromatics, asphalts, and combinations of these (Davis 1967). Cther
classifications of crude oil are also commonly used; Morrison and Boyd (1966) used distillation
temperatures and carbon number to denote certain fractions of crude oil. The compositicn and
characteristics of crude oil vary greatly with source, but compared to the extensive number of possible
compounds and isomers the variation is relatively small (Meinschein 1959). The aromatics are
normally found in lower quantities ralative to the paraffins or cycloparaffins, and cyclopentane and
cyclohexane often constitute large portions of the cycloparaffins. The three primary elements other
than carbon of the asphaltic, non-hydrocarbon fractions are oxygen, sulfur and nitrogen; in some
instances the asphaltic fraction composes as much as 50% of the crude oil (Davis 1987). The as-
phaltic crudes are often more toxic and less bj sdeg-adabls than other types. Hewever, spillage of
any type of crude oil releasss a large variety of orgayic compounds into the environment. and their
removal with the least health and ecological damage is imperative.
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CRUDE OIL DECOMPOSING ORGAMNIEME

Hydrocarbon-utilizing microbes are found from the tropics to the Asctic and have been isclated
from so1l, estuaries, arimal feces, and numercus other lecations (Mige! et al, 196%,

West 1970, Bushnell and Hass 1941). However, thev are not omnipresent; Zebell
their presence in the high seas to be practicaily = ii. ﬁ:;:s;!me?lj and Hass (1841
utilization of hydrocarbons by the genera Pseus~~r7us and Hyc they
(1906), Kaserer (1906), St6emer (19033, and Taur . 2nd Poros

carben decomposing orgenisms. Fihs (19610 iistad over D orroniem oy o :
hydrocarbons. Streptomyces, Nocardia, Mycobacierium, Corynehacterinm and Eroviasciorinm wote

cited 2s the most commonly isolated hvdrocarbon decomposars ' Toster (1062, Tlern thouzh the
number of isolated hydrocarbion decomposers repartad is extensiva, tho, were ooy aily inplated by

plating, and plating 1s considered to isolate only 1 1o 167 of the oroanisme preson: i a plated
soil (Casida 1968). Foster (1962), ‘or instance, ¢ ed s@me organis L
carbon media but ::ould grow oa the more selective medis that urilizod Neroid
carbon souice. This serves to illusirate that numerous organisms in the srevirgnmon
oil at very slow rates, but their isolation and rate of nil decomposition depand npor
conditions to include competition with other organ: ms for carhon sourcss, nutyiens
In addition to those organisms that prow on hvdrocar™ons, some organisms o7yl e hodeoon
do not utilize them for growth (Leadbetter and Fostor 1959, 1960, Davis ond Doy
when the large number of hydrocarbon utilizers and oxidizers is consudered, ¥ b
that aven though some organisms can decompose ecorfain factions of crude oil o
thzin others, the decomposition of crude cil in the £ail 15 corried out by aumerons

cano by any particvlar species ot, as will be shows Yoroany nartinular vpecbomien)

ot gonid

1S5S SOU S L LIIAN

' BIODEGRADABILITY OF VARIOUS CRUDE OIL FRACTIONS

. Zobell (1969) stated that more organisms were capable of decomposing C10 to C18 {kerosenes)
than any other fraction. Similar fiiidings have been reported by Kator et al. (1970). This pattern
of degradation would be intuitively expected since these compounds are not as volatile as the
shorter chained hydrocatbons nor as sterically complicated as the larger or branched hydrocarbons. .
Davis (1967) stated that the gaseous hvdrocarbons of low molecular weight, methane through n-butane,
were oxidized at a rate usually limited by the solub_lity of the gas in the aqueous surroundings of
microbial cells. The gaseous phase of 5-10 carbon hydrocarbons was also reported to be utilized
most readily. However, the liquid phase of these low molecular weight hydrocarbons (paraffins and
cycloparaffins) was found to retard microbial growth and in some cases be refactory. Similarly,
Davis and Raymond (1961) found that aromatic hydrocarbons of this size were often toxic to growth
of Nocardia, but the toxicity was mitigated by the presence of other degradable hydrocarbons. This
supports the view that the organisms in a natural system such as the soil of an oil spill area would
be less affected by toxic components of crude oil than organisms exposed to a medium coutaining
a singie toxic component of crude oil as the carbon source. McKenna and Kallio (1965) demonstrated
the variation of biodegradability of hydrocarbons with molecular structure, using growth of species
of Micrococcus, Pseudomonas, Mycobacterium and Nocardia as their criteria of degradation, Even
cne methyl group on a straight chained hydrocarbon raduced ite utilization. and ¢imethyl or espe-
Cootvoneopentyl gronps grestly reduced microbial utilizatien. Alkanes with terminal phenyl wroups

ety ol more teadily than plkanes with phenyl 20t itution along the carbon chain.
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Daviz (1967 repotiad ihai oxtacts & ofl froti soll upder both fiold and lab:oratory conditions
weie characierized by high sbsmption of lnfrated at 12,35y and 12.4 4, indicaiing large poroceatages
of momwic structures, He also found that even after 45-623% by welghit of ciude oil wis decomposed

thwta was very Liile change in the oil composition excspt the paraffine, The alow degradation of

e sromatica was alsy iodicated by Zobafl (1650) who found that polycyclis hydrocarbons as wall
us parallins were axidized by bactoria more readily than was benzenn. These stidies indicate that
tha highly volatile and straiwht chained fractious of crude oli are Ukely 1o be removed fima an ¢l
apill sfas i 2 few weeba o mootha undor idea) conditions, Their rvamoval under poor degradation
condivivn will st e wpege vapid than the highly ranchad, aaphaltic and aromatic typn compounds
which are likely to remain in an il 8riii ares for extenrded petivds ovou wdm ww.l Cundivlons,
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Figure 1. A schematic of the TCA cycle (Coan and Stumpl 1966).
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Thé tricarbnxylw acis tI‘OA) eycle and the bam oxid

ssaﬁ*m ‘Honeral terms to hs! o the readeriwho is not- muiwl
"gmdation‘*produrtsx of hydrocarbon are converted to clergy.

neithierthé précise’ Biochemistry of these processes not th‘an
bolites’afe hddressed." These topics aro discussed ably by

and' Smithi(1968);- and Conn and Stumpf (1596). The reaction

‘be acomplete st of the hydrocarbon degradﬂtwe pathways, but they are

"raction‘s oft crude oil c:m be degraded.
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o g taview of tha blolasy of hydrocsrhons, MeKenna and Kallio (1385) ciled several ciganisms
thei roducod alecinis, anids, sihers and katonas in thair decomposition of satwratedd aliphatic

o

byariasivae (peaifiong), ‘They pronented ilves majer pathwaya of dogyadation (¥ ig. 3). Intisas
reanticma the oniy thing that esparates ths hydiooathan from typical faiiy acids of the varicus ozi-
dative rrocannes I8 the addition of & carbozyl group 1o ono of tho torminzl crehona, an addithie

that can b Iroughi aboui by relatively aimple binchamica! osvgenatieng and hydrogylation., As
abowm i Flewe 2, the schl van readlly 1= demmadsd twoush H-oxidation o acaty! CRA att acid of
g5 age osrhon !a:%!h end anstpy in the fem o eduweed pyridlus nmlsdlidas and Nlavin aEnzynas.
2055yl CO-A can enter tho TUA eycle and be decompiaad o Gy, weter enid enagy o

sl

14t

altal Tty

by

1% rous birehamiend gmenannoen, s, tho alinplo blecheminity of tha dupradntiva
- of paraffies 1s cooaistent with thair relatively rapid deqoupositian in uu 8pill arean.

McKenna and Kailiv (1985) also cited rasnzsch thai dmonstrated ihat Land!ds. a yaast, could
degrade alkenss by forming dials from the double bend, but bacteria preferentially oxidized the
satorsted end oi alkenos (Stowari et al, 1960). Pssudomonss has buon shows to degrade alkenes
by formeation of apoxides =i the double hond., These general pathways aré presented in Figwe 4.
Again in tiw case of alkonaes the hinchemical atspa required for these compounda to anter the —om-
mon oxidative pathways are simple.

i

A AL 20 T R

The uyﬂoparamns and aromatic compounds have been shown to be much less degradsble than -
the alkavus wnd alkenes, but thay ate dograded, Often the degradable side chains of a ring compound
will ba dexraded bafaes the ring is cleaved. Both cycloparaffin and aromatic rings tend to be de-
graded vie the fonmation of diols and diacids (Ellict et al, 1869), and dopending upon whete the
arcmatic ring breaks a diacid or semialdelyde is formed (Fig. ). Some cyclopara{fing can be con-
vorted to & common celinlar consiituent by relatively aimple ateps sech ag decalin to adipis acid
2 w pimelic acid (Fig. 6). Adipic acid oan be shunted to the TCA cycle ss suceinic acid by a
ozygeaation and the remuval of a terminal acetio wroup as acetyl CO-A. Pimelic acld is involved

2 in bictin synthesis in rome mlcrmxganiama and ita diamine form is a cell wall ¢ ot of mnany
g bacteria. ompo

| e

;ﬂ -C'.(,; Cl C

, bcao__a~u,ﬁc. o
B l 0 T
? ~C-C.OH . - ; Z
A :
8 } —ee (3 0-C-C-0-C-C.C-C i
2 GGG COON " ¢
2 A C E t:
: / % f -Oxidation 3
w-Oxidation :
: n-Oxidation 7 :
A Vigure 3. A schomatlc of sataraied allphatic decomposition froa g :
g McKenua aad Kslllo (1093), i
k
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The more complox ring compounds are sterically more complicated and their degradation re-
quires moce complicated enzymes than those required for paraffin, ‘However, even {cr this group £f
compounds a degradative pathway that is relatively simple can be envisioned. - -Figure 7 shows o
schermatio foe:phenanthrena and anthracene degradation to catechol. This degradative scheme is
even more enlightening when it is realized that many organisms readily eonvert catechol to suc~
cinate and acetyl C‘O-A (“1g 8) (Lamanna and Malette 1965) : ,

The asphamc fractions ot ciude oil are degra.ded by similar pattmays, but their degradancm
involves desulfation, diamonization or some similar step. that adds another restrictive factor in their
degradation. Thus it can be seen that the degradation of crude oil components ccours via many very
common biochemical pathways.  However, the: reactions can easily be limited by ane slow step or
environmental condition. Seldom are the conditions in soils such that an organism which grows on
one of the more complicated components of crude oil wﬂl be able to compete favorably with those
organisms that grow on relatively simple compounds. Therefore actions that change tho limitmg
growth {actors of hydrocarbon decomposers to optimum levels will probably be the most =ffective
means of increasing the rate of microbial degradation of crude oil in spill areas.

Fnthracene
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Tox extensive water pollution and healih hazawds oxists, Thus, mechapical means of il gpill re-
covary and abatemen! may be required.

Tomporatiee hag 3 praiionucsed affact onioih chemiral and biological reactions, and ihe low
femperatires of Alasks bave sn impsdine effect o the rate of oil gpill recovery by microbial means,
At tomperatures near the mnimum 1or 2u organisw wetabolism, the goueration time is dlen increasad
ae muel ay 25 {0 20 times (Lamanns apd Mallstie 1985). Tlas 15 probably why oil degrading micro-
ofgaising have been uhsmvm tu incresse the rate of degradation of Prudhos crude of 357C (Patrick
Puni, unpublighed data), The exsct mode ©f microbial inhibliion by low temperatges is not knowa,
bt most orpanisi reach their ininfins) tenparature bolore their me2oplasm coases to axist in o
fuoe staie.

fiowovor, soie organisins, e psyeirophites, grow best ot iengrratores between 0 and 207C,

and nmerats crEamisins such as ateae in the Nood Sea (Rebe- € Booolt, g2 sonal commmmice atiom)
and fune s v LSS CRERL S vonnafiost tannel cparsonal observe tion) wre kaown v eary one ef abu-
Liswg below 9°C. In addition penetie selection for thoss wiganisma that can canv oo subsantial
metaoelinm an low temperatwres should have cocwted e Al-cka, Inivitively, i would seam that
those orpaniems (hay could carry on substantial netabollsn, 2t tow tempsratureys bui increase fhejr
me abolisin duting the waoper Alnskan suminer would swrvive hotlor than the trun psychroghiles,
it e substmtinal void exaes i the Dleratoe concening wiccobial decompe Gon of hydrecarbons
winier cold conditions. 'The eficet of temporature on hedroesrbon decomposition 1s fusther compli-
caend by the face that many retetion retes ore dependent on vopoe prestane and vap o prossage de-
cteagjes with temparature (Dovis 19957).

The wierneilon of iy oanions, envonmented conditions and homan responses has been
Chewic o b imvolved i errde oil depesdation and i oporation into 501l ofgenie wareria? apd the
proecaze proeceses that wgll Beeost Bepartant gt any one fie: ate not cx-heiily elom, However,
a1 vlen fe i eold eaviconmeit suel ag Afuska, the nrtaral recovery of an oil spill s
P seov owd nge '|={fu- oot U6 te 20 veues (Wackaed mad Droncbo 18971), bt i s Qe hkedy e

v b feest U caviceanneadad dome
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